Relationship between regulated actomyosin ATPase activity and cooperative binding of myosin to regulated actin.
The protein complex, troponin-tropomyosin, which is bound to the thin actin filament, regulates muscle contraction and relaxation. In the absence of Ca2+ the troponin-tropomyosin complex causes muscle to relax, whereas in the presence of Ca2+, contraction occurs. Biochemical studies have shown that the troponin-tropomyosin complex has a dual effect on the interaction of the myosin crossbridge with actin. In the presence of ATP, troponin-tropomyosin strongly inhibits the actomyosin ATPase activity, whereas in the absence of ATP, troponin-tropomyosin confers positive cooperativity on the binding of myosin to actin. We have proposed a simple model [Hill, T. L., Greene, L. E., and Eisenberg, E. (1980) Proc. Natl. Acad. Sci. USA 77, 3186-3190] that accounts for these biochemical observations by postulating that the troponin-tropomyosin-actin complex (regulated actin) can occur in two forms, a turned-on form and a turned-off form. This model defines several cooperativity parameters that describe the behavior of regulated actin. In previous studies we have determined the values of these parameters by studying the cooperative binding of myosin to regulated actin in the absence of ATP. In the present study we also used ATPase and fluorescence measurements to determine these cooperativity parameters. Assuming that the fluorescence change occurs only when two adjacent tropomyosin units shift into the turned-on form, our results show that all three methods give the same values for the cooperativity parameters. These results confirm the prediction of our model that a regulated actin unit that is turned off not only binds S-1 weakly but is also unable to activate the actomyosin ATPase activity.